1990
; Atkinson et al. 1995; Yokota et al. 1999; Hirano et al. 2000) . However, little attention has been paid to the biological degradation of endocrine disrupting chemicals such as diphenyl compounds. On the other hand, the metabolic pathway of aromatic compounds in plant cells is quite different from that in microorganisms; plant cells glycosylate phenols and benzoic acids including gentisic acid and accumulate them as glycosides in the cells (Mizukami et al. 1986; Mizutani et al. 1987; Tabata et al. 1988; Ushiyama et al. 1989; Shimoda et al. 2002) .
Recently, the biotransformation of exogenous substrates by cultured plant cells has been reported (Suga et al. 1990; Ishihara et al. 2003) . The cultured plant cells have the abilities of hydroxylation, glycosylation, oxido-reduction, hydrogenation, and hydrolysis for various organic compounds. Particularly, hydroxylation, reduction, and glycosylation seem to be efficient procedures for the phytoremediation of environmental pollution.
With respect to the phytoremediation of diphenyl compounds, a callus strain of Eucalyptus perriniana with a high potential for regioselective hydroxylation and glycosylation of BPA was screened out of various plant callus strains in our laboratory. In our recent communication, only three disaccharide products have been isolated after the incubation of BPA with the cultured cells of E. perriniana (Hamada et al. 2002) , however, there are two other disaccharide products which are new compounds. In addition, E. perriniana cells were able to regioselectively hydroxylate and reduce BZP and were capable of glycosylation of the newly generated hydroxyl groups. This paper describes in detail the regioselective hydroxylation, reduction, and glycosylation of diphenyl compounds by the cultured cells of E. perriniana.
Materials and Methods

General
Chemicals such as BPA and BZP used as substrates were purchased from Aldrich Chemical Co. The 1 H and 13 C NMR, H-H COSY, C-H COSY, NOE, and HMBC spectra were recorded using a Varian XL-400 spectrometer in CD 3 OD solution and the chemical shifts were expressed in d (ppm) referring to TMS. The FABMS and HRFABMS spectra were measured using a JEOL The MStation JMS-700 spectrometer.
Plant materials and culture methods
Eucalyptus cultured suspension cells were prepared as described previously (Furuya et al. 1987) . Just prior to use for this work, part of the callus tissues (fresh weight 40 g) was transplanted to freshly prepared Murashige and Skoog's medium (100 mL in a 300 mL conical flask, pH 6.2) containing 1 ppm of benzyladenine and 3% sucrose and grown with continuous shaking for 1 week at 25°C in the dark.
Biotransformation of BPA by the cultured cells of E. perriniana A total of 120 mg of BPA was administered to the 10 flasks (12 mg/flask, none solvent) containing the suspension cultured cells of E. perriniana and the cultures were incubated at 25°C for seven days on a rotary shaker (120 rpm) in the dark. After the incubation, the cells and medium were separated by filtration with suction. The filtered medium was extracted with EtOAc. The medium was further extracted with n-BuOH to give no glycoside products. The cells were extracted (ϫ3) ] to give products 1 (43%; t R ϭ15.1 min), 2 (21%; t R ϭ13.4 min), 3 (6%; t R ϭ19.2 min), 4 (13%; t R ϭ22.8 min), and 5 (7%; t R ϭ17.9 min). The yield of the products was determined on the basis of the peak area from HPLC and expressed as a relative percentage to the total amount of the whole reaction products extracted. No further conversion products were observed in spite of the careful HPLC analyses. Spectral data for the products; 
Results and discussion
Biotransformation of BPA by the cultured cells of E. perriniana After seven days' incubation of BPA with the cultured cells of E. perriniana, products 1-5 were isolated from the extracts of the cells with MeOH and no products were observed in the medium. Neither BPA nor additional conversion products were observed in spite of the careful HPLC analyses. The structures of the products were determined on the basis of their FABMS, 1 H and 13 C NMR (Table 1) propane (4, 13%), and 2-(4-b-D-glucopyranosyloxy-3-hydroxyphenyl)-2-(3-b -D-glucopyranosyloxy-4-hydroxyphenyl)propane (5, 7%). Disaccharide products 3 and 4 were two new compounds. No formation of 2 was observed in the incubation of 1 with E. perriniana cells under the same transformation conditions. It was also confirmed that no formation of 5 was observed during the incubation of 3 with the cells. These results suggest that not 1, but 2-(4-hydroxyphenyl)-2-(3,4-dihydroxyphenyl)-propane was converted into 2 and that not 3, but 2,2-bis(3,4-dihydroxyphenyl)propane was transformed into 5. The biotransformation scheme of BPA by the cultured cells of E. perriniana is shown in Figure 1 .
The FABMS spectrum of the product 3 showed a pseudomolecular ion [MϩNa] ϩ peak at m/z 591. The Thus, these results demonstrate that the cultured cells of E. perriniana regioselectively hydroxylate at C-6 and C-12 of BPA and that the glycosides can be formed at the hydroxyl group at C-6, 7, 12, and 13.
Biotransformation of BZP by the cultured cells of E. perriniana
After the seven days' incubation period, products 6-9 were obtained from the extracts of the cells with MeOH. Neither BZP nor additional conversion products were observed in spite of the careful HPLC analyses. The structures of the products were determined on the basis of their FABMS, 1 H and 13 C NMR (Table 2) were two new compounds. The biotransformation scheme of BZP by E. perriniana cells is shown in Figure  2 .
The FABMS spectrum of 7 showed a pseudomolecular ion [MϩH] ϩ peak at m/z 507. 
The FABMS spectrum of 9 showed a pseudomolecular ion [MϩNa] ϩ peak at m/z 531, suggesting the composition of 9 to be one molecule of diphenylmethanol and two hexoses. These results demonstrate that the cultured cells of E. perriniana regioselectively hydroxylate at C-4 and reduce the carbonyl group of BZP and that glycosylation can occur at the hydroxyl group at C-4 and C-7.
The results of this experiment revealed that the cultured cells of E. perriniana are able to regioselectively hydroxylate and reduce diphenyl compounds and that the regioselective glycosylation that follows produces glycosides which have little endocrine disruption activity (Nishikawa et al. 1999; Hamada et al. 2002) . The plant enzymes responsible for these biotransformations should be available for addition to the group of biocatalysts used for the chemical modification of endocrine disrupting chemicals. Also, this method is of considerable interest and important in green chemistry. Studies on the characterization of these enzymes from E. perriniana are now in progress. Further phytoremediation studies such as biotransformations of BPA and BZP using immobilized Eucalyptus cells are now in progress.
